10-5 mol/l resulted in a dose dependent inhibition of the collagenase production. All-trans-retinal was also a potent inhibitor, whereas 13-cis-retinoic acid and Ro 10-9359 in a concentration of 10-5 mol/l had a lesser effect. Control experiments indicated that the inhibition of collagenase production by all-trans-retinoic acid did not result from inhibition of total protein synthesis nor could it be explained by induction of an inhibitory molecule. These results indicate that retinoids with distinct structural features can inhibit collagenase production by monocyte-macrophages, and suggest a role for retinoids in the treatment of rheumatoid arthritis.
suggest that retinoids may interfere with collagenase production also in vivo and could be beneficial in the treatment of rheumatoid arthritis. On the other hand, in the collagen induced rat model of arthritis both 13-cis-RA and 4-HPR augmented the inflammatory component of arthritis. 6 Thus the multiplicity of the effects of retinoids on various animal systems as models for human rheumatoid arthritis,3 6 and the proposed effects of retinoids on cellular metabolism,7 'require additional studies to establish any validity of retinoids for treatment of rheumatoid arthritis.
Monocyte-macrophages, the hallmark of chronic inflammatory processes, have been shown to synthesise and secrete proteases, including collagenase, which are thought to mediate tissue destruction in diseases. 96 We have recently shown that adherent mononuclear cells cultured from human peripheral blood actively synthesise and secrete collagenase when stimulated with concanavalin A.'6 The enzyme was shown to be similar to other mammalian collagenases in that it cleaved native type I collagen 357 at a single locus three quarters of the chain length away from the amino terminus of the molecule. '6 The enzyme was shown to be secreted in an active form, but the activity could be enhanced by sulphydryl reagents such as N-ethylmaleimide (NEM). '6 The total cumulative production in a 48 hour culture of the adherent mononuclear cells activated by concanavalin A was shown to be of the same order of magnitude as the enzyme activity present in the same number of polymorphonuclear leucocytes. ' on a vacuum manifold. The filters were air dried and counted in a Beckman LS-7500 liquid scintillation counter, as described previously. 16 The viability of mononuclear cells was estimated by a trypan blue dye exclusion test. 19 The LDH activity in the culture medium was 
, . assayed by a modification of the method of Wroblewski and LaDue211 using a commercial kit (Sigma Chemical Co).
The protein content of cell homogenates after sonication was assayed by a colorimetric method21 using commercial reagent (Bio-Rad Laboratories, Richmond, CA).
STATISTICAL ANALYSIS
The results were evaluated for statistical significance by Student's t test.
Results

INHIBITION OF COLLAGENASE PRODUCTION BY ALL-TRANS-RETINOIC ACID
The effect of retinoids on collagenase production by adherent human mononuclear cells was first studied by incubating cells isolated from the blood of a patient with haemochromatosis in the presence of varying concentration of all-trans-RA. A dose dependent inhibition of collagenase production was noted in the concentration range 10-9-x10-5 mol,l (Fig. 1) . The mean inhibition by 10-5 M all-trans-RA in three independent experiments was 64-7 (16.3)% (mean (SD)) when compared with control cultures incubated with 0-2% ethanol alone. The inhibition by 10-6 M and 10-5 M all-trans-RA was also shown to be time dependent (Fig. 2) . Similar
inhibition of collagenase production was also observed in monocyte cultures established from two healthy volunteers; these cell cultures required the presence of concanavalin A for collagenase production. In the cultures established from healthy subjects 10-5 M all-trans-RA inhibited the collagenase production by 60 6 (2.6)% (Table 1 , experiment 2) and 58-1 (5-1)% respectively (mean (SD)).
To examine the specificity of all-trans-RA on collagenase production several control experiments were performed. Firstly, the total protein synthesis was determined by incorporation of [3H] To examine the possibility that all-trans-RA might reduce the collagenase detectable in cell culture medium by directly inhibiting the enzyme activity, medium from control cultures was assayed for collagenase activity directly in the presence of M all-trans-RA. The results indicated that the enzyme activity was not altered in the presence of this retinoid, when compared with control incubation containing the corresponding amount of ethanol.
In further studies the possibility that the retinoid might inhibit the secretion of collagenase from the cells was examined by assaying the intracellular activity. As indicated previously, 6 very little, if any, intracellular enzyme activity was present in either control or all-trans-RA treated cells, excluding the possibility that the retinoid might interfere with the secretory process leading to collagenase accumulation in the cellular compartment.
Finally, mixing experiments were performed to examine the possibility that the reduced collagenase activity noted in the retinoid treated cultures might result from induction of an inhibitory molecule, rather than from reduced collagenase production. Incubation of control medium with aliquots of media from cultures containing all-trans-RA showed that the enzyme activity present in the mixture was the same as the added activities noted in each medium when assayed alone. Furthermore, incubation of control medium with the homogenate of cells from cultures incubated with all-trans-RA did not suggest the presence of an inhibitor molecule. Thus these observations suggest that all-trans-RA inhibits the collagenase production by adherent mononuclear cells on the level of protein synthesis.
EFFECTS OF OTHER RETINOIDS ON COLLAGENASE PRODUCTION
Several additional retinoids were first tested in monocyte cultures established from the patient with haemochromatosis for their effects on collagenase production. All-trans-retinal had a significant effect in the concentrations studied (Table 1, experiment 1). Somewhat surprisingly, 10-6 and 10-' M 13-cis-RA had no effect on collagenase production, while a 62-5% reduction was noted with 10-4 M 13-cis-RA.
This last concentration, however, is unphysiologic and may have been toxic to the cells. Ro 1-9359 had no effect in 10-6 or 10-5 mol/l concentration (Table 1 , experiment 1). 
